Abstract. A method that detects leapfrog migration is described. It emphasizes the twostep process of leapfrog migration: the seasonal switching of latitudinal ranges and the latitudinal segregation of taxa. The method was used to make a systematic search for leapfrog migration patterns among the North American shorebirds (suborder: Charadrii). One case of intraspecific leapfrog migration, within the Rock Sandpiper Calidris ptilocnemis, and several cases of interspecific leapfrog migration, within Numenius, Limosa, Arenaria, Calidris, Charadriini, Numeniini, Calidridini, Scolopacidae, and Charadrii, were revealed. In most cases, smaller species leapfrog larger species.
INTRODUCTION
Leapfrog migration is an unusual migration pattern in which a more northerly group during summer, migrates beyond another group, to become the more southerly group during winter (Welty 1982). Swarth (1920) cized (Slagsvold 1982 , Pienkowski et al. 1985 , Myers et al. 1985 and, at present, there is no consensus as to why leapfrog migration occurs.
I contend that even before we test these hypotheses, we need to solve two problems relating to the investigation of leapfrog migration. First, there is no established method for determining leapfrog migration; many interspecific leapfrog migration patterns have been determined by inspection and most are for two species chosen haphazardly from many co-occurring congeners (Lack 1944, Alerstam and Hogstedt 1980). Second, so few examples of leapfrog migration have been documented that it is difficult to know how widespread the phenomenon is.
In an attempt to resolve these problems I devised a method for determining leapfrog migration and searched for examples of leapfrog migration within a large group of co-occurring birds, the North American shorebirds (suborder: Charadrii). It is a promising group within which to search because there are many species, most of which are migrants (Johnsgard 198 I), and leapfrog migration has been observed within and between a few shorebird species in other parts of the world (Lack 1944, Salomonsen 1955, Alerstam and Hogstedt 1980, Pienkowski et al. 1985) .
I have looked for both intra-and interspecific leapfrog migration patterns. Interspecific leapfrog migration occurs between (or among) similar species, but the question of how taxonomitally similar these species need to be has not been addressed. Therefore I have looked for interspecific leapfrog patterns among (or between) species within the genus, the tribe, the family, and the suborder. In addition, I determine whether there are any patterns in the latitudinal distribution of species of different sizes in the examples of interspecific leapfrog migration that this study reveals. Whether or not a size distribution occurs in all cases of leapfrog migration is important, because the Competition Hypothesis as amended by Pienkowski et al. (1985) is based on the observation that in some cases of leapfrog migration, the winter distribution of the taxa is such that the smaller taxon winters farther south (e.g., Pienkowski et al. 1985) .
METHODS
The major features of leapfrog migration are the seasonal switching of latitudinal ranges and the low overlap of these ranges (Swarth 1920 ). The method that I have used to detect leapfrog migration calculates the extent of seasonal switching and the extent of latitudinal overlap, and defines leapfrog migration as occurring when both of these values are beyond a certain cutoff point.
The degree to which seasonal switching of the latitudinal ranges occurs within a group of species (or subspecies) was determined by comparing, using Spearman' s rank correlation analysis (Sokal and Rohlf 198 l), the species' breeding and wintering mid-latitudes. Correlation is expressed by a coefficient (r) that ranges from -1 to + 1. I have called r values of -0.8 to -1.0 "good switching"; -0.35 to -0.79 "partial switching"; and > -0.34 "nonswitching." In the classic example of leapfrog migration in North American Fox Sparrows (Swarth 1920 ) the r value is -0.70, i.e., partial switching (calculated from the original data by Boland).
The degree to which the species (or subspecies) within a group overlap latitudinally was estimated by calculating the overlap between species' winter ranges. I divided each species' winter range into 5" latitude segments and assumed equal occupation of all segments. I calculated the degree of overlap for all pairs of species within the group, using the Percent Similarity Index (Schoener 1970) (Table 2A) .
RESULTS
The species within five of the nine tribes show leapfrog migration patterns (Table 2B ). Some of these groups are identical to the genus groups and are marked with an asterisk in (Table 2D) .
It is possible that the strong switching pattern within the Calidridini (Table 2B) , the tribe con- This analysis has revealed several cases of interspecific leapfrog migration within the North American shorebirds at taxonomic levels from genus to suborder. The patterns are strongest in the taxa with few species; i.e., the genera Numenius (three species), Arenaria (two species), and particularly Limosa (two species). Nevertheless, leapfrog migration also occurs within several multispecies taxa (e.g., Calidris; 12 species) and the suborder as a whole (47 species).
In general, smaller species breed farther north, and winter farther south than larger species. Within six of the nine leapfrog taxa there is a strong trend for the smaller species to breed farther north, and within four of these taxa the smaller species also winter farther south (Table  3) . These trends are particularly strong within the genera Numenius, Arenaria, and Limosa. Within these genera in particular and the leapfrog taxa in general, the smaller species leapfrog the larger species. In the nonleapfrog taxa the results are less clear, but, in general, the smaller species are distributed farther south than the larger species during both seasons.
DISCUSSION

Next I looked for trends in the latitudinal dis-
The method I have devised to detect leapfrog tribution of body sizes within the leapfrog taxa. migration patterns is useful because it empha- The underlying assumptions of this method are that the boundaries of the species' ranges are correct and that individuals are evenly (or normally) distributed within the ranges. It is probable that the boundaries only approximate the true boundaries, but it is unlikely that they are so far offas to change the results ofthese analyses. As for the second assumption, it is certain that within some species the individuals are not evenly distributed within the species' range (e.g., Sanderling, Calidris alba; Myers et al. 1985) but it is necessary at present to assume even distribution because only ranges are available for most species. As more information becomes available the details of the method should be changed to allow weighting by relative density.
Because a possible basis for leapfrog migration is the partitioning of latitudes by competitors (Cox 1968 Pienkowski 1979). It is even possible that all shorebirds (i.e., the suborder Charadrii) should be considered to comprise a single guild. I believe that if we are to understand leapfrog migration, we need to reveal and study all cases of leapfrog migration, including both intra-and interspecific examples. Until we are certain as to the appropriate taxonomic level, species should be analyzed in groups within genera, tribes, families, and suborders. Pienkowski et al. (1985) on the other hand, believe that only intraspecific leapfrog migration patterns are "legitimate." They argue that interspecific leapfrog migration is "peripheral to the main argument . . . as the species involved . . . are now ecologically quite distinct . . . ." Certainly more evidence of interspecific competition and latitudinal separation ofcompetitors is needed, but with the evidence that is currently available it is plain that the appeal of these workers to limit leapfrog study to only intraspecific patterns is far too restrictive.
One of the problems associated with leapfrog migration is that there are few examples of the phenomenon. In this study of the North American shorebirds I have found one case of intraspecific leapfrog migration and, at least, four cases of interspecific leapfrog migration. These examples substantially increase the number of known cases of leapfrog migration. Also they come from the first systematic search for leapfrog patterns within any suborder and they show that within this suborder leapfrog migration is common.
